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I - Introduction 

The Neo-Babylonian text UET VIl, 126*, published by the late Professor O.R. 
Gurney, shows that in 1.4^ a fourth-string is listed, bilingually, as Sumerian 
'sa.4.tur' = ‘fourth, small-string’, and Akkadian ‘a-ba-nu-[u] ’ = ‘Ea-created’. It is 
the only theonumeric string mentioned in the text. The pairing of Ea with this 
fourth string whilst the god is usually associated with number 40^ attracted my 


' Best identified as a Late Babylonian manuscript of tablet XXXII of the text \abn tu See 
FINKEL, I.L., Materials for (he Sumerian Lexicon (MSL) XVI, 251; WULSTAN, D., ‘The 
Tuning of the Babylonian Harp,’ in Iraq XXX, (1968), 215-228; WULSTAN, D., ‘The 
Earliest Musical Notation,’ in Music and letters 52, (1971), 365-382; DUCHESNE 
-GUILLEMIN, M., ‘A Hurrian Musical Score from Ugarit: The Discovery of 
Mesopotamian Music, in Sources from the ancient near east 2 (1984), pp. 63-94 Sane, 
Vol. 2, 5-24; DUCHESNE -GUILLEMIN, M., ‘Survivance Orientale dans la designation des 
Cordes de la Lyre en Grfece, in Syria 44, (1967), 233-246; Duchesne-Guillemin, M., 
‘A I’aube de la Thdorie Musicale; Concordance de Trois Tablettes Babyloniennes,’ in 
Revue de Musicologie 52, (1966), 147-162; CROCKER, R., AND KILMER, A.D., ‘The 
Fragmentary Text from Nippur, in Iraq XLVI, (1984), 81-85; KILMER, A.D., ‘A Music 
Tablet from Sippar,’ in Iraq XLVI, Part 2, (1984), 69-79; VITALE, R., ‘La Musique 
Sumero-Accadienne,’ in Ugarit-Forschungen (1982), 241-263; WEST, M.L., ‘The 
Babylonian Musical Notation and the Hurrian Musical Texts,’ in Music and Letters 75/4, 
(1993), 161-179. 

^ Having read the manuscript of the present paper. Dr. Andrew George brought to my 
attention that the 4'*' line of the Akkadian column of Professor O.R. Gurney’s Vllth tome 
of the Ur Excavation Texts (1973), PI. LX, only shows ‘o’ and not 'a-ba-nu-[uj’ 
(Kilmer), or A.DU (Finkel), I wrote to Gurney who replied to me that the tablet, now in 
Baghdad, read a-ba-nu-[iij but that inadvertently had left ba-nu~[uj out. The error is 
corrected in IRAQ XL, VI, 82, fh. 1. 

^ ROLUG, W., in Reallexikon der Assyriologie p. 499-500; LIVINGSTONE, A., Mystical and 
Mythological Explanatory works of Assyrian and Babylonian Scholars, Oxford, 1986, 
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attention in the light of a line^ where Istar-lnanna praises herself in the following 
terms: sa.a i.bi m^n sa.a a.ba m6n LI madru anaku LI arku anaku. 


II - Philology 

There, I had hoped that ‘LI’, in the Akkadian translation of the Sumerian 
phrase would have equated to Sumerian sa = pitnu (or pidnu)^ = ‘string’, as had 
been thought until recently®, thus translating: ‘I am the first string, I am the last 
string’ Then, Professor George brought to my attention that a new reading of 
‘LI’ = se-ta' * = ‘net’, seriously, it seemed, compromised my assumption. 


Ill - Musicology 


However this does not hinder the fact that being associated with number 15 
the goddess remains an entity comparable to Ea’s quantity since the deities can be 
expressed as a ratio of 40:15 indicating that /f/ar-Inanna was only worth 
fifteen-fortieth of Ea for reasons that we shall see later. So, despite the dubious 


30-49; Parpola, S., “The Assyrian Tree of Life: Tracing the Origins of Jewish 
Monotheism and Greek Philosophy,’ mJNES 52, n. 3, (1993), 182-184, fh. 86-89. 

^ ASKT, p. 128, rev. 5f. 

’ Kilmer, A.D., ‘The Strings of Musical Instruments: Their Names Numbers and 
Significance, in AS /6, (1965), 262. 

‘ Sumerian Dictionary A/I (Philadelphia, 1992), 69. 

’ Kilmer, A.D., in AS /6(I965), p. 265. 

* Volk., K., ‘Die Balag-Komposition uru-^-ma-ir-ra-bi’, in Freiburger altorientalische 
Studien 18 (1989). According to Volk, the sign that Haupt read as ‘LI’, which never 
meant anything, should now be read as Se~ta = ‘net’, le., nothing to do with stringed 
instruments. In fact the Sumerian line can also be translated this way because the 
Sumerian for ‘net’ and ‘string’ was the same since the sign SA depicts a mesh of strings. 
One string could well have been made of a mesh of smaller sections or strands making 
up a string which would have been quantifiable, i.e. a string made of 60 strands; 50; 40; 
30, etc., and that the Sumerian language does not distinguish between adverbs and 
adjectives. As a matter of fact this would indicate that strings of musical instruments 
were manufactured intentionally with a defined quantities of strands. While we are not, 
absolutely, obliged to accept that a Babylonian rendering of any given line of Sumerian 
is infallible, it should be noted that the two following lines also present the image of the 
goddess as a net, and that in those lines this image in unequivocal in both versions of the 
bilingual line. 
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reading for ‘LI’ we still have evidence of comparable theonumerics. Now some of 
the other great gods of the Sumero-Baby Ionian pantheon were equally numerised: 
60 for Anu^ (also 21'°); 50 for Enlil and 30 for Sin', 20 for SamaS; 10 for Marduk', 
14" for Sakkan and Nerga! and lastly 6 for Adad. These are the only theonumerics 
of which we are aware. 

Thus the gods provide with the following: 

60:50:40;30;21;20:15:14:I0:6 


We have here a sexagesimal sequence made up of three distinct parts, each of 
them made up of four integers. First we have: 60:50:40:30; then 30:21:20:15 and 
finally 15:14:10:6. They can best be compared when expressed in this way: 

a) 60:50:40:30 

b) 60:42:40:30 

c) 60:56:40:24 


a) The First Sequence 

The first sequence of 60:50:40:30, initially, would have been 6:5:4:3, as we 
have it for 4 in UET VII, 126,1.4. The decimalisation of the system would have 
happened later, probably in the early Old Babylonian Period. Thus we may assume 


’ Parpola, in JNES 52 (1993) argues that the number for Anu was 1 and not 60 on the 
grounds that 60 does not make sense in his thesis ad his subsequent ‘tree demonstration’ 
(p. 183). However, there is no dispute for the vertical wedge to be read as both I ad or 
60, and should the other higher gods Enlil, £a and Sin proceed numerically, usually as 
50,40 ad 30, respectively, then, 60 for Anu is inevitable. Parpola’s observation that Ea’s 
number was conceived as a sexagesimal fraction (40/60) would make Enlil’s as 50/60, 
(KIGUSILI kigusHi = 5/6 ‘parasrab ) 60 being Anu, and the same to apply for the whole 
pantheon, /mu is the common denominator to all other gods because he is their father. 
The decimalisation of the sexagesimal fractions produced: Sin = 30/60 = .5; Ea “ 40/60 
= .66; Enlil = 50/60 = .833, and Anu - 60/60 - 1. 

See Neugebauer, O., in JCS I (1947), 218; Labat, R., Manuel d’fyigraphie 
Accadienne. (Paris, 1948), 211: 21, Ic dicu Anu ‘in colophons’ (c.f. pa-lili 21, 50 u 

40 = ...qui honorei4/iM. Enlil, Ea', Leichty, E., St 0pp., 152. 

" Livingstone, A. (1986) (fh. 3) had misread the number for §akkan and Nergal as 11. 
This was corrected in King’s copy (CT25 50) as 14; Parpola, S. in JNES 52 (1993), fh. 
3. 
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that numbers 21; 15; 14 and 6 were also OB additions. Numbers 20; 15 and 10 can 
be multiplied to equate to the original pattern. Therefore the sequence 6:5:4:3 
would have stemmed from the Sumerians and would have, aside probable other 
reasons, mathematical and others, equated either to ratios of string lengths or ratios 
of frequencies, or both, in the most perfect of natural proportions as indeed the 
string length ratio of 6:5 is the perfect minor third; the ratio of 5:4 is the perfect 
major third, and that therefore the ratio of 6:4 is the perfect fifth whilst the ratio of 
4:3 is the perfect fourth. There is no system mathematically and physically more 
perfect than this one in any know history of music theory. Now the pitches for 
these intervals are those which occur naturally, i.e. those which are spontaneously 
generated from any fundamental sound (See Appendix A). It is difficult to 
conceive how the Sumerians would have conceived such perfection as that of 
applying a natural scale to a man made cosmology and to make it stick so perfectly. 
This is possibly the best possible example of the invention of theory and its 
application upon the natural order of things. Now, should we take the same 
number sequence and take it as ratios of frequencies we obtain a scaling which is 
as perfect as the scaling with ratios of string lengths but exactly symmetric to it in 
its reciprocal relation: 


3:4:5:6:5:4:3 

- where 3:4:5:6 are ratios of frequencies and 6:5:4:3 ratios of string lengths. Thus 
the sequence 3:4:5:6:5:4:3 would read as D:G:B:D:F:A:D. Here the hypothetical 
pitch'^ for the ratios of frequencies would equate to: 

D = 30Hz; G=40Hz; B=50Hz and central D=60Hz. 

The second member 6:5:4:3 being ratios of string lengths would produce the 
following: 


D = 60 Hz; F = ±70'^ Hz; A = 90 Hz; D = 120 Hz. 


See Appendix B. 

In equal temperament calculation this gives 71.3324270016326, and 71.111111111112 
with the Pythagorean. 
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Reduced to one octave, this would produce: 

30-±35-4045-50-60 

This would place the Sumerian A at 400Hz, that is 42Hz below 
international pitch for A. 

The analysis of both sequences; 3:4:5:6 and 6:5;4:3=3:4:5;6:5;4:3 reveals 
perfect symmetry since: 


D-G 

= A-D= 

Just fourth; 

G-B 

= F-A = 

just major third; 

B-D 

= D-F = 

Just minor third; 

D-B 

= F-D = 

just major sixth; 

G-D 

= D-A“ 

just fifth. 


In this symmetry, D is Anu, the father from whom all systems are generated. 
This is probably why the strings of Babylonian musical instruments are numbered 
inwardly as I-2-3-4-5-4-3-2-1 in our reference text UET VII, 126'^ and that CBS 
10996'^ only mentions a progression of intervals of perfect fifths and either major 
and minor thirds since these are the basic intervals in the theonumeric sequence. 

The superimposition of the sequence of ratios of frequencies to the sequence 
of string lengths gives the following arrangement: 


D;F;G;A:B:D = 30-±3 5-40-45-50-60 

This is the basic hexachordal octave in which the tritone, the most infamous 
and discordant interval of music, the diabolus in musica f-b sits awaiting to be 
corrected to consonance fD: F:G;A:B :Dl by intervention of Ea, the god of music, 
in conformity with the tuning instructions in UET VII, 74 where the system 
consists in the generating of musical modes by means of correction of the tritone 


DUMBRJLL, R. J., The Archaeomusicology of the Ancient Near East, 2005, Trafford, 
Oxford and Victoria, pp. 27-36. 

DUMBRILL, R.J., (2005), pp. 37-45. 
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in each of them'*. 


b) The Second Sequence 

This sequence, 60:42:40:30 = (30:21:20:15), introduces the figure of 42 which 
in relation to 60, and in values of string lengths is 617.48780739571cents'’ when 
60 in relation to 40 is 701.9550008653874 cents which equals to the just fifth. 
617.48780739571, reduced to 616 is a tritone unique to the Babylonian system as 
it stems from the sexagesimal sequence. This tritone sits opposite Anu’s deity of 
60 and represents the worst possible dissonance, the diabolus in musica. Its is 
calculated from V2 = 599.9 cents in the equal temperament scale. Without the 
concept of irrational numbers ancient cultures found ways to approximate V2 and 
they so did with rational numbers'*. The relation of 42:40 = 85 cents is the 
Babylonian limma. Now the system had to be decimalised to host more refined 
intervals and this is precisely why Inanna is given number 15 as she completes the 
perfect cycle of two octaves and thus the line I quoted in the introduction: sa.a 
i.bi mdn sa.a a.ba m6n LI mahru andku LI arku anaku, might after all find its 
true meaning. Inanna indeed would be the first string and the last string because 
quadrupling her value gives 60 and that in relation of her 15 this gives the 
perfection of the double octave whioh alone can hold the whole chromatic system 
needed for the elaboration of the scale system described in UET VII, 74. 


'* Dumbrill, R.J., (2005), pp. 47-69. 

There are 1200 cents per octave placing the tone with a value of 200 and the semitone at 
100. The calculation of cents from ratios is made by multiplying the constant 3986.314 
with the log to base 10 of the quotient of the division of the highest figure of the ratio by 
its lower member. See 

http://membcrs.tripod.com/~tuning^archive/on_site_trec/robertwalker/ttl_cents_and_rati 

os.html. 

'* See Kappraff, J., The Lost Harmonic Law of the Bible,’ in Sharp, i. (ed.). Proceedings of 
London-Bridges 2006; Kappraff, J., ‘Beyond Measure: Essays in Nature Myth, and Number.,’ 
in Singapore: World Scientific 2001; McClain, E.G, The Pythagorean Plato. Prelude to 
the Song itself, York Beach, 1978 /1984 Nicolas-Hays (1978); McClain, E.G, The 
Myth of Invariance: The Origin of the Gods, Mathematics and Music from the Rg Veda 
to Plato. York (1976-1984); McClain, E.Q Meditations through the Quran New York 
(1981). 
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c) The Third Sequence 

60:56:40:24 introduces the ratio of 60:56 which in values of string length 
equates to 119.44280826109725 cents. This is the Babylonian apotoni value 
of 24 = 6 is obscure as it is not the octave of 15 as we would expect it to be. The 
value of 6 would imply its counter-value of 1, i.e. the hypothetical beginning. 
Indeed there is no end in the division of the string in octave interval as they consist 
in halves of halves of halves, etc. 


IV - Speculative Organology 

We have observed that the Sumero-Babylonian scale structure was based on 
sexagesimal theonumerics. That this method might have been employed in further 
applications of organology is now investigated. It is regrettable that the 
Sumero-Babylonian instruments which have survived, which are very few, provide 
very little data for accurate metrology. Thus we mainly have to rely on the 
iconography. Therefore what follows is purely speculative. However, the 
observation of some 50 items show that they divide in two main classes: short and 
long and that the speaking length would have been of about 50 centimetres for the 
short and 100 for the long exemplars. Thus the first assumption is that the 
theonumerics equated to units of length in that the speaking length for Anu = 60 
would have equated to 60 ubam turn. That is 2 cubits. This speaking length would 
have allowed for a fret placement of 30 ubam turn, which covered the first octave, 
and then a further 15 ubaratum down to locate /stor-Inanna’s number of 15 
amounting to the double octave: 60:15. In the light that we have hypothesized a 
frequency of 60Hz for a speaking length of 60 ubandtum, then the string would 
need be of a mass of x for that purpose. I would put it in the light of the equation 
with /itor-Inanna’s self-laudatory line, that the string of 60 ubam turn could have 
been strung with a string made up of 60 strands of some material with a weight of 
1 q{ etum each to build up for an appropriate mass. Now this string would need to 
be stretched with a weight of 60 manum (mandtiim (pi.?)) as indeed pitch is 
defined by length, mass and tension. The author is currently working on models 
to verify the hypothesis which will be published in due course. 
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The choice for lower frequencies such as 60 Hz to 6 Hz is probably the reason 
for that their beats would have been visually observed as well as heard. This would 
have constituted an ideal means of comparison. 


Conclusions 

None of assumptions above can be substantiated for lack of textual evidence in 
their support, it goes without saying. However, our knowledge of Sumerian and 
Babylonian mathematical applications using sexagesimalism and its ratios are 
numerous. Thus, rather than having to prove any of it, I would put it that it would 
be extraordinary that the Sumerians and the Babylonians did not use such a system 
for the building up of their theory as it reaches superb logical perfection. 
Furthermore, theoretical texts UET VII, 74 and 126; CBS 10996; BM 
65217+66616, and practical texts such as the Hurrian musical tablets confirm the 
validity of the hypothesis. 

The matter of the application of the tuning instructions in UET VII, 74 is not 
debated here for the reason that there is still too much confusion about the rising or 
falling of the system which prevents the elaboration of any thesis. However, the 
English scholar Leon Crickmore has submitted his paper to me prior to its 
publication for appreciation. His thesis constitutes a serious advance on all 
material previously published on the subject and constitutes a complement to my 
own paper. 


Appendix A 

Harmonic or Overtone Series 

Sauveur, following on from work, published in 1673, by two Oxford men, 
William Noble and Thomas Pigot, noted that a vibrating string produces sounds 
corresponding to several of its harmonics at the same time. The dynamical 
explanation for this was first published in 1755 by Daniel Bemouilli (1700-1782). 
He described how a vibrating string can sustain a multitude of simple harmonic 
oscillations. We call this the 'superposition principle'. The harmonics are integer 
multiples of the 'fundamental frequency', also called the 'first harmonic' or 
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'generator'. So for a string with a fundamental frequency of 440Hz., that is fixed at 
both ends, the harmonics are integral multiples of 440Hz.; i.e. 440Hz. (1 times 
440Hz.), 880Hz. (2 times 440Hz.), 1320Hz. (3 times 440Hz.), 1760Hz. (4 times 
440Hz.) and so on. The term overtone is reserved for those harmonics that lie 
above the 'fundamental frequency' (also called the 'fundamental' or 'generator). 
The first 15 harmonics (or fundamental plus 14 overtones) are given below, their 
frequencies set out in the third column. The fourth column, headed 'normalized', is 
the result of dividing the frequency of the harmonic by powers of 2 (transposing 
the sound down one octave for each power of 2) so that it lies within a single 
octave (between 440Hz. and 880Hz.). The nearest note in the chromatic scale on A 
is given in the fifth column while the last column, headed %, shows how close the 
normalized frequency is to the frequency of the nearest equal-tempered note 
diatonic to A. 


Harmonic 

Overtone 

Frequency 

Normalized 

Note 

name 

Closeness 

in% 

1 

Fundamental 

440Hz 

440Hz 

m 

100% 

2 

1 

880Hz 

440Hz 

■ 

100% 

3 

2 

1320Hz 

660Hz 

E 

100% 

4 

3 



■ 

100% 

5 

4 



C# 

99% 

6 

5 

2640Hz 

660Hz 

E 

100% 

7 

6 



GD 

98% 

1 

OO 

7 

3520Hz 

440Hz 

■ 

100% 

9 

8 

3960Hz 

495Hz 

B 

100% 

10 

9 

4400Hz 

550Hz 

Of 

99% 

11 

10 

4840Hz 

605Hz 

D 

103% 

12 

11 

5280Hz 

660Hz 

E 

100% 

13 

12 

5720Hz 

715Hz 

FU 

97% 





























































32 


Richard J Dumbrill 


11 

13 

6160Hz 

77( Hz 

G 

S8% 

1) 

14 

6(00Hz 

82fHz 

G# 

S9% 


We can extract a complete diatonic scale on A from the first 15 harmonics. 
The D is somewhat sharp while the in particular, is very flat. It would not be 
impractical to tune a stringed instrument to play diatonic melodies in the key of A 
using this scale. You will see that the perfect fifth appears in this harmonic series 
as the third harmonic. The ratio of the frequencies of the third and second 
harmonic is (1320:880) which is (3:2). However the fourth, the note D, which 
should have a frequency in ratio to A of (4:3) (1.33333), actually comes out as 
1.375. A more serious problem is the absence of an interval one could call a tone 
or a semitone. The Greeks defined their tone as the difference between a perfect 



fifth and a perfect fourth, but the fourth is not perfect in this scale. There is no way 
of deriving chromatic scales either by starting from A or by starting from another 
note, say, the perfect fifth, E. We notate below the harmonic or overtone series 
based on C. The overtones shown in brackets are only approximately equivalent to 
the equal tempered scale notes on the staff. The overtone count (1, 2, 3, etc.) are 
one more than the harmonic count in the table above (I, 2, 3, etc.). So the first 
overtone is the second harmonic. Some commentators call the fundamental (or 
first harmonic) the 'zeroth' overtone. 
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Appendix B 


Table of Frequencies produced from theonumerics. 
























































































































